SUMMARY
The use of the sitting position for neurosurgery has always been controversial, ever since De Martel first reported his use of the approach for brain surgery in 1930 1 . Over the last two decades, there has been, at the author's institution, a decline in the number of neurosurgical patients operated on in this position. The same has occurred in many other institutions. Black and colleagues at the Mayo Clinic describe a change from the sitting to the horizontal position for posterior fossa craniectomies occurring between 1981 and 1984 2 . Elton and colleagues reported in a survey of British practice, a greater than 50% reduction in the number of neurosurgical centres using the sitting position between 1981 and 1991 3 . Interestingly, however, a survey of French practice in 2000 showed that 75% of neurosurgical centres still used the sitting position although, in 61% of them, only when no other alternative approach was available 4 . There are instances when the sitting position offers distinct neurosurgical advantages, and most neuroanaesthetists today have to deal with patients in this position occasionally. This can be rather daunting, firstly because of the challenges specific to the position, and secondly because of the problems of unfamiliarity on the part of the anaesthetist. In particular, venous air embolism (VAE) is a major concern, and a clear understanding of its pathophysiology is essential for safe practice. This series represents the author's personal prospective audit of patients having sitting position neurosurgery.
MATERIALS AND METHODS
Data was collected prospectively by the author for a total of 58 patients scheduled for sitting position neurosurgery between 1987 and 2004. Patients assigned for sitting position surgery by the neurosurgical team were assessed pre-operatively, and this series represents the 58 patients in whom there were no contraindications to sitting up 5 . Standard anaesthetic management and monitoring was used, although this evolved over the study period to include newer techniques. At the beginning of this series, anaesthesia usually consisted of a balanced technique using nitrous oxide, a volatile agent and muscle paralysis. Later on, with the advent of better intravenous agents, propofol and remifentanil infusions with or without muscle relaxation were used. Up to 1997, VAE monitoring consisted of precordial Doppler, capnography and pulmonary artery catheterization. Trans-oesophageal echocardiography (TOE) then became available, and replaced the precordial Doppler. All patients were volume loaded with a minimum of 10 ml per kg of colloid (Stable Plasma Protein Solution or 4% albumin) prior to being sat up at the beginning of surgery. Aspirating catheters were not used. In some patients, a single lumen central venous catheter was inserted, but without confirmation of its position. Information documented included: patient demographics, anaesthetist, surgeon, type of operation, monitoring used, anaesthetic technique, incidence and size of any VAE, monitors helpful in VAE diagnosis, consequences of VAE, incidence of paradoxical air embolism, and intra-and postoperative complications (as defined below).
VAEs were classified into one of three grades 5 :
Small-These were detected only by precordial Doppler or TOE. No changes were noted with other monitors, and there were no haemodynamic changes.
Moderate-In addition to detection by Doppler or TOE, a fall in end tidal carbon dioxide (ETCO 2 ) and/or a rise in pulmonary artery pressure occurred. Haemodynamic changes, usually tachycardia and hypertension were commonly present.
Large -Major changes were noted by all monitors, and major haemodynamic changes were present.
Hypertension was defined as a systolic blood pressure of greater than 160 mmHg and hypotension as a systolic blood pressure of less than 90 mmHg at heart level. Tachycardia was defined as a heart rate of greater than 90 beats per minute. Because of the common occurrence of low heart rates with remifentanil anaesthesia, a reduction in heart rate of greater than 30% from steady anaesthesia heart rate was chosen as the definition of bradycardia. Postoperative hypoxaemia was defined as an arterial oxygen saturation <90% despite oxygen supplementation. Although blood loss was not measured accurately, observation of packs, drapes and suction bottles was used to make a judgement as to whether blood loss was excessive for a particular operation.
Chi square and Fisher's exact tests were used for statistical analysis.
RESULTS
Between 1987 and 2004, data was collected on 58 patients. The mean age was 46.5 years, ranging from 15 to 73 years, with 28 males and 30 females. Eight patients had upper cervical or thoracic surgery, 42 had posterior fossa surgery, and eight had operations at a level higher than the standard posterior fossa incision. Three of the posterior fossa procedures were second operations, which meant that bone work was absent or minimal.
The sitting position was not abandoned in any patient. Hypotension and bradycardia occurred in one patient during initiation of the sitting position, but responded rapidly to one dose of atropine and metaraminol.
Monitoring
All patients were monitored with capnography. A pulmonary catheter was inserted in 50 patients. A precordial Doppler was used in 40 patients. TOE was used in the remaining 18 patients. A precordial Doppler was not used when patients were monitored by TOE. Also, the use of TOE was associated with a reduction in pulmonary artery catheterization. A non-aspirating central venous catheter was used in four patients.
Venous air embolism
VAEs occurred in 25 patients, being an overall incidence of 43% (25/58). The incidence of VAE during cervical or upper thoracic operations was 37% (3/8), during posterior fossa surgery 38% (16/42), and for higher level operations, 75% (6/8). None of these incidences are statistically different (Chi square P value 0.15). Of the 25 VAEs detected, 15 were small, eight were moderate, and only two were large. The incidence of VAE detection before the advent of TOE was 35% (14/40), but with TOE use, became 61% (11/18). This difference is not statistically different (Fisher's exact test; P=0.087). Of the 11 VAEs detected with TOE, eight were small, three were moderate, and none were large. One of the small VAEs was traced back to air being drawn in at the entry site of an internal jugular central venous catheter. It was detected by TOE before surgical incision. The site of air entry was eventually closed with some difficulty with an occlusive pressure dressing. There were no episodes of paradoxical air embolism.
Other intra-operative complications
Hypertension: Three patients had episodes of hypertension during surgery. One of these occurred Bradycardia: Three patients had episodes of bradycardia. One was the patient who became bradycardic and hypotensive upon sitting up mentioned earlier.
The bradycardia in the other two patients was probably due to brain stem manipulation, one episode being also associated with hypotension.
Hypotension: This occurred in two patients, who have been mentioned previously.
Arrhythmias: One patient had multiple atrial ectopic beats and runs of ventricular bigeminy during a small VAE.
Blood Loss: One patient had blood loss in excess of three litres during surgery for an occipital meningioma. This patient also had a moderate VAE.
Postoperative Complications
One patient, who had a large VAE, developed basal lung crepitations and hypoxaemia late on the day of surgery. This resolved with a dose of frusemide. The next day he developed atrial fibrillation. This reverted with digitalization. One patient became hypoxaemic and drowsy on the first postoperative day. A CT scan demonstrated an intracranial collection, and this was subsequently drained. One patient developed a deep leg vein thrombosis. Two patients had postoperative cranial nerve lesions. They had both had posterior fossa surgery. In one of these patients the cranial nerve lesions resulted in significant hoarseness. This was of concern as TOE had been used and may have contributed to laryngeal injury. The surgeon was confident that the hoarseness was the result of surgery, and not the TOE probe. The other patient with new postoperative cranial nerve lesions subsequently developed hydrocephalus and required a ventriculo-peritoneal shunt. There were no peripheral nerve lesions.
There was no mortality amongst the 58 patients studied. One of the patients with major cranial nerve palsies had a prolonged hospital stay, and faced major rehabilitation on discharge.
DISCUSSION
Anaesthesia in the sitting position has remained controversial because of its associated risk of VAE. A good understanding of the pathophysiology of this complication is therefore essential if mortality is to be avoided and morbidity reduced. An extensive discussion of the pathophysiology of VAE, as well as its detection, prevention, and treatment, is presented in an accompanying review 5 . In centres where the position is used commonly, outcomes following surgery in the sitting position are similar to those following similar surgery in other positions. Black and colleagues 2 in a retrospective review of 579 posterior fossa craniotomies (333 sitting and 246 in other positions) found that, in the sitting position group, the incidence of VAE was greater, blood loss was less and transfusion rates were lower, and postoperative cranial nerve function was better. The peri-operative cardiopulmonary complication rate was similar in the sitting and non-sitting groups. The study concluded that although there were differences in particular complications, overall there was no increase in mortality or morbidity associated with any particular position. In the author's personal series of 58 patients, the outcomes were not compared with patients operated on in other positions.
The overall incidence of VAE in this series was 43%, with more than half (15/25) of these being small. This is consistent with other series 2, 6, 7 . The reported incidence of VAE is very much dependent on the sensitivity of monitoring 5 . Today, TOE is considered to be the most sensitive monitor for VAE detection. In this series, the incidence of VAE increased from 35% to 61% with the introduction of TOE as a monitoring tool. This most likely represents an increased sensitivity for detection rather than a real increased incidence. However, statistical significance was not reached, probably due to the small numbers. Papadopoulos and colleagues, in their series, had a VAE incidence of 76% with TOE 8 , which may pick up even very small VAEs. Many of these are on their own are of little significance, but they may be a warning of larger ones to come.
In this study, there was no statistical difference between the VAE incidences at various surgical sites whilst in the sitting position. The expectation of a greater incidence of VAE at higher sites was not borne out. There are many possible reasons for this. Firstly, the patient numbers may have been too small for statistical significance to be reached. Secondly, spinal operations may have an additional risk due to the unpredictability of size and position of epidural venous plexuses. Finally, a neck tourniquet was used in some of the cranial operations, thus possibly lowering the incidence of VAE in that group. VAE with the help of reliable, sensitive monitoring. An aspirating catheter is only helpful if positioned correctly when the right atrium is full of air, or when there is a pocket of air at the superior vena cava-right atrial junction.
There were no cases of paradoxical air embolism in this series. However, the diagnosis of paradoxical air embolism without TOE is difficult. The surgeon can diagnose large paradoxical air embolism by the visualization of air bubbles in cerebellar arteries. The anaesthetist may detect electrographic changes suggestive of myocardial ischaemia, as well as hypotension and arrhythmias (all of which can occur with large VAEs without paradoxical air embolism also). It is possible that PAEs were missed in the early part of the series when TOE was not in use. Since TOE has been used, there has not been a case of large VAE or PAE. The early diagnosis of small VAEs is important as they may predict more serious events if not managed adequately.
This series was not designed as a controlled study, but is rather a personal audit. Therefore, only limited conclusions can be drawn from it. It does however demonstrate that, in experienced neurosurgical and neuroanaesthetic hands, sitting position neurosurgery can be made safe.
In conclusion, a prospective series of 58 patients having sitting position neurosurgery at St. Vincent's Hospital, Melbourne, is presented. The overall incidence of venous air embolism was 43%, and there were no episodes of paradoxical air embolism. With a proper understanding of the pathophysiology of venous air embolism and the use of sensitive monitoring, anaesthesia for sitting position neurosurgery can be provided safely.
